In image processing, color space conversion of RGB-YCbCr is often used. Based on ITU-T T.871 design standard and FPGA operation characteristics, this paper realizes the color space conversion from RGB to YCbCr using Verilog language. In the FPGA chip, the multiplier resources are very scarce. The optimization of multiplier resources and processing speed is often the bottleneck of image processing. In traditional methods, 5-9 multipliers are usually used. By optimizing the formula, compared with the results of other documents, this module only uses 4 multipliers, so the resource consumption is less. The pipeline design is used, the operation speed is fast, and the real-time performance is good. It is suitable for the requirement of JPEG compression and is easy to be realized in the actual project.
Introduction
With the continuous development of digital multimedia technology, digital image processing technology is widely used in various military, civilian, commercial and industrial production areas. The real-time performance of digital image processing has become the focus of attention. In recent years, the development of microelectronic technology and super large scale integrated circuit manufacturing technology, especially the development of field programmable gate array (FPGA), has provided new ideas and methods for improving the performance of image processing system [1] [2] [3] [4] . Because the data preprocessing of the bottom layer image is very large, requiring fast processing speed, but the operation result is relatively simple, the image processing system with FPGA as the main processing chip is very good at image preprocessing. Aiming at the demand of real-time image processing, this paper implements a new algorithm from RGB to YCbCr color space on FPGA, and uses FPGA chip of xilinx to complete the design. JinXiaodong [1] and Feng Ansong [2] and others all refer to ITU-R BT.601 standard [5, 6] . The transformation from RGB to YCbCr is achieved by 9 and 5 multipliers, respectively. The range of Y is 16-235, and C's range is 16-240. In this paper, we refer to ITU-T T.871 standard and use the DSP48 kernel in FPGA to realize multiplications and additions, only using four multipliers to realize color space conversion. The range of values for both y and c is 0-255.It not only saves resources, but also improves the speed of the algorithm, which is suitable for the requirement of JPEG compression.
Color Space
RGB color mode is a color standard [7] [8] [9] in industry, which obtains all kinds of colors through the change of the three colors channels of red, green, blue and the superposition on each other. RGB represents the three colors channels of red, green and blue, which is a standard including almost all colors the human eyes can perceive, and it is one of the most widely used color system. The range of RGB is 0~255, and Table 1 lists corresponding R, G, and B values [10] of several colors.
RGB color generation is easy to realize and is widely used in the display system of computer and color TV. However, in scientific research, RGB color space is not generally used, because its hue, brightness, saturation are shown together, which cannot be easily separated, leading the details difficult to digitally adjust. YCbCr is a kind of color space, which is widely used. JPEG, MPEG, DVD, camera, digital TV and so on all adopt this format. In JPEG compression algorithm, we need to transform patterns (usually RGB models) into YCbCr models, where Y represents luminance, and Cb and Cr represent green and red chromatic aberration respectively. The importance of YCbCr is that its luminance signal (Y) and color difference signal (CbCr) are independent of each other. YCbCr also has another advantage that the characteristics of human eyes can be used to reduce the storage capacity required for digital color images. There are many sampling formats for YCbCr, such as 4: 4: 4, 4: 2: 2. 4: 1: 1 and 4: 2: 0.
Source of YCbCr
The interpretation of Y, Cb and Cr is derived from the definition of the 
When using the above formula (1) to transform, the range of RGB, calculated Y luminance signal, and Cr and Cb respectively is 0~255, 16~235 and 16~240. However, it does not apply to JPEG compression requirements, and the values of Y, Cb and Cr must be shown in a range from 0 to 255 in accordance with ITU-T T.871.YCbCr color (each component has 256 levels) can be directly calculated from the RGB color of the full scale 8-bit color. Black is represented by (0,0,0) and white is represented by (255,255,255). The following formula (2) is used. ' ' ' (2)
Color Space Conversion Based on FPGA
In order to improve the image quality, each component of FPGA is generally set to 12-bit precision, then the converted YCbCr is 0~4095. Considering the requirements of saving resources and improving the rate, the formula (2) is first optimized to formula (3). The configuration interface of multiplier "core" is as follows: From the simulation results, we can see that when the input clock signal is CLK and the input data RGB is (1316,1545,3713), the output signal YCbCr is (1723,3170,1757) after 9 clocks delay, which is consistent with the theoretical calculation results. The xilinx Virtex4 chip is selected for hardware test, and the comprehensive report is obtained after synthesis. In the report, you can see the resource consumption of the module in the chip, and the maximum frequency that can be run. The report reads as follows: As you can see from the above report, this module uses very few resources with less than 1% utilization rate of Lut and Reg, and only 4% of the multiplier. The chip has a lot of resources left to do other image processing algorithms. Moreover, the maximum operating frequency of the module can reach 439.937Mhz and it can be used in many ultra-high resolution image processing. Table 2 . The results of this paper are compared with those of references 1 and 2 as follows.
It can be seen from Table 2 that the method used in this paper has the advantages of less use of multiplier, high calculation precision, and fast running frequency of the program, achieving the requirement of being real-time.
Conclusions
YCbCr is a color space which is often used in image processing, which has many forms to reducing the sampling rate of a particular signal. It can save the bandwidth of image transmission and reduce the loss of color components, which can hardly be detected by human eyes. As a universal processing chip, FPGA has flexible design, parallel execution of programs and high bandwidth of signal processing. In this paper, Verilog hardware language and FPGA rich high-density integrated logic gate resources are used to realize the spatial conversion from RGB to YCbCr, with less resource consumption and high processing rate. It is highly editable, real-time and practical.
